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Cunmes kKepamiunux niemenmie mpaou-
UIHO 30UICHIOEMbCA NPU GUCOKIH memnepa-
mypi (ne nuscue 1200°C). [nsa i 3nuscenns
BUKOPUCTMOBYIOMb Milepanizyloui 000asKu, AKi
Maromv pisHull Mexanizm 0ii Ha 6UXiOHI KOMNO-
Hewmu niemenmnux wuxm. Epexmuenicmo 0ii
Minepanizamopie Gu3HaAMAEMbCA iX npupoooio,
8MiCMOM, CmyneHem OUCNEPYEaAHHSL 8 peazeH-
mi, axuil axmueyemocs. Omoice, nowyx Haii-
Ol epexmusHux Minepanizamopis npu cumn-
me3i, 30Kpema, CUNIKAMHO-UWNIHESILHUX Kepa-
MIMHUX NieMeHmi@ MAe 6ajcauee HayKose ma
npakmuune 3HAUEHHS.

Hocnidsceno 0ito piznux Mminepanisyiouux
dobasox (B303, Na,B,07, Na,0, NaF) na npo-
uecu opmyeanns kxpucmanopazo6ozo cknady
WINAKBMICHUX KEPAMIMHUX NieMeHmMi8 i 3MIHY
ix xonipnux noxasnuxie. Bcmanosnena npama
3AUIEHCHICMb MINC MEMNEPAMYPOI0 NIABNEHHS
MiHepanizamopie ma eexmueHicmio ix ennu-
8Y HA YMBOPEHHS WNIHEeTbHUX a3, AKi 6ucmy-
narmo HOCIAMU KOTbOPY 6 MAKUX Ni2MEHMAX.
Biouymnuii epercm 6i0 s6edennn nampiio pmo-
pudy, wo Mae Haueuwy memnepamypy niae-
Jienns cepeo 00cnionux 000asox, 00CA2AEMbCs
6 pe3ynvmami 6Unay nizMeHmie npu memne-
pamypi ne nudcue 1150 °C. [ia nampiro oxcu-
dy epexmuena nouunarouu 3 memnepamypu
1100 °C. Haiibinow ooyinvno 3acmocosyeamu
Gopemicni cnonyxu. Ix esedenns 003gonse 3nu-
3Umu memnepamypy 6Unauy WAAKEMICHUX Nie-
menmis 0o 1050°C npu noenomy 38°s3yean-
Hi BUXIOHUX KOMNOHEHMI8 6 Wninebii meepoi
po3uunu. Cunme3osani npu ubomy KepamivHi
nizmenmu 3a0e3neuyromo Popmysanns nasyp-
HUX NOKPUMmMIB, AKi 34 AKICHUMU NOKASHUKAMU
He NoCMmynaromoCsi ROKPUMMSM, OMPUMAHUM
3 000a8aHHAM BUCOKOMEMNEPAMYPHUX NizMeH-
mie (memnepamypa eunany 1200-1250°C).
Ha ymeopenns cunikamuux ¢asz (dioncuoy
i 60Jacmonimy), AKi He € HOCIAMU KOIbOPY
6 docnionux niemenmax, ejpexmueny minepasi-
3y1ouy 0iro wunamo dooasxu NaFi B,0s3

Knouosi crosa: kepamiuni niemenmu, mine-
panizamopu, éuna, Kpucmanopazoeuii ckaao,
KOJUPHI NOKA3HUKW, 2]1A3YPHI NOKpUmMms
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1. Introduction

Ceramic pigments are the most widespread and effective
dyes when obtaining glazed ceramic, enameled metallic, and
glass articles. The base of the structure of ceramic pigments
is the sTable colored crystalline compounds in the form of
spinel, silicates, willemites, solid solutions such as corundum,
phosphates, molybdates, tungstate, vanadate, etc. The use
of pigments is associated with high-temperature processes,
so they must exhibit thermal and chemical stability. While
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in the fine-dispersed state, these dyes cause selective ab-
sorption and dispersion of light, due to which a glass layer
becomes opaque and acquires the color that complements the
absorbed color [1].

Ceramic pigments are mostly obtained by solid-phase
synthesis at high temperatures from chemically pure re-
agents. That is why the main trends in the development of the
production of ceramic pigments are to extend the base of raw
materials and to reduce the temperature of their synthesis.
At present, there is a significant scientific and practical



experience of obtaining ceramic pigments using a wide
spectrum of anthropogenic raw materials [2—4]. The use of
anthropogenic raw materials containing the structure-form-
ing and coloring oxides in order to obtain the pigments
would reduce the cost of their production, partly to ensure
the recycling of industrial waste. In this case, the qualita-
tive indicators of the obtained dyes often are not inferior,
and sometimes superior, to the quality of materials synthe-
sized from conventional, technically pure and natural raw
components. At the same time, the firing temperature of
such pigments remains quite high and is in the interval of
1,200-1,300 °C [5-7].

In the intensification of solid-phase reactions of the syn-
thesis of ceramic pigments, an important role belongs to mi-
neralizers. The effectiveness of the mineralizers is determined
by their nature, content, degree of dispersion in the activated
reagent. Therefore, it is a relevant task to study the compa-
rative influence of different mineralizers on the processes of
synthesis of ceramic pigments, in particular silicate-spinel.
The spinel and silicate pigments are the most common among
the available variety of ceramic dyes.

2. Literature review and problem statement

Reducing the temperature of the synthesis of ceramic
pigments implies the use of various mineralized additives.
Mineralizers can, at low temperatures, to form a liquid
phase (melt), which significantly affects the crystalline lattice
of starting raw materials. This decreases the strength of the
crystalline lattice and its transfer to an active state, as well
as the increase in the collision surface between the reagents
particles, diffusion rate, and the entire process in general [1].

A wide range of compounds is used as mineralizers in
pigment technology.

The authors of [8, 9] argue that the introduction of boron
oxide into the system leads to the emergence of melt at a rela-
tively low temperature and contributes to the transfer of the
crystal structure into an active state, without destroying it.

Using B,O3 can also intensify the chromophore proper-
ties of ceramic pigments. Moreover, for the effective progress
of solid-phase reactions, the amount of the liquid phase in
the system should be, if possible, small, because its excess can
negatively affect the chromophore properties of ceramic pig-
ments and causes their strong sintering. At the same time, the
insufficient content of the liquid phase causes poor wetting
of the particulate matter and its subsequent merging, which
results in a slower reaction speed in the solid phase [10, 11].

The increase in the purity and intensity of green color-
ation of uvarovite pigments by the equimolecular replacement
of free silicon dioxide in their composition with phospho-
rus (V) oxide was established in paper [12]. The authors no-
ted the introduction of P»Os into the structure of the mineral
uvarovite in the form of tetrahedrons [PO4]?>~ and a decrease
in the firing temperature to 1,100—1,150 °C. At the same time,
a considerable effect is achieved with the introduction of
a significant amount of P,Os5 (exceeding 7 % by weight).

The strong impact on the stability of the crystalline lat-
tice of pigments is exerted by the compounds of fluorine and
alkali metals.

The authors of [13, 14] argue that the mineralizing effect
of fluorine-ions, in particular on silicate pigments, is explained
by the fact that they increase the reactivity of the crystal-
line lattice of the material by weakening the silicon-oxygen

frame. This provides for the possibility of diffusion processes
in the region of low temperatures, 1,100—1,150 °C.

Effective modifiers of the structure of pigments also in-
clude the additives of alkali metal oxides.

In [15], a sol-gel method was used to synthesize a pig-
ment with the structure of olivine (C0,Si0y4). However, de-
spite the presence of mineralizers (NaCl and KCI), the tem-
perature of pigment synthesis remained high and amounted
to 1,200 °C.

It is shown in [16] that LiCl contributes to the tran-
sition of the tetragonal form of Nd,Si,O7 into monoclinic
at a relatively low temperature of pigment thermal treat-
ment (1,100 °C), thereby improving the color indicators.
However, it may reduce their temperature resistance.

Thus, the choice of a mineralizer is crucial for the activa-
tion of solid-phase reactions during the synthesis of ceramic
pigments. At the same time, the lack of detailed studies of the
comparative influence of certain mineralized additives on the
characteristics of ceramic pigments, specifically spinel and
silicate, necessitated our research in this field.

3. The aim and objectives of the study

The aim of this study is to determine patterns in the
processes of mineral formation and changing the color in-
dicators of silicate-spinel ceramic pigments when introduc-
ing mineralizing additives. This would make it possible to
choose the most effective mineralizing additives, thereby
significantly reducing the firing temperature of the pigments
of a given type.

To accomplish the aim, the following tasks have been set:

— to determine the influence of the nature and content
of mineralizing additives on the color indicators of slag-con-
taining silicate-spinel pigments and glass coatings at their
introduction;

—to establish features in the formation of the crys-
tal-phase composition of the examined pigments in interrela-
tion with the basic technological factors of their manufacture.

4. Materials and methods to study ceramic pigments with
the additives of mineralizers

The examined pigments’ main component was the dump
open-hearth slag from one of the metallurgical enterprises in
the city of Dnipro (Ukraine), which was preliminary mag-
netically enriched and averaged. In order to obtain brown
color, we additionally injected oxides of chromium and
nickel; black color — chromium and cobalt oxides in the total
amount of up to 23 % by weight.

The formulations of slag-containing pigments that we
devised and reported in earlier studies [17, 18] provide for
high-quality glass coatings.

The additives of mineralizers involved the introduction
to the ground pigment charges of orthoboric acid (H3BO3),
sodium tetraborate, hydrate (Na;B4O7-10H,0), sodium car-
bonate (NayCOs3), sodium fluoride (NaF). Their amount was
2.0 and 4.0 mass fractions in recalculation for BoO3, NayB,O7,
NayO, and NaF, respectively.

Pigment charges were prepared by the joint wet grinding
of starting raw components. The moisture content of the
prepared suspensions was 35 %. Dried to a residual moisture
content of 1 %, the pigment charges were fired in an electric



furnace in the temperature range 1,050—1,150 °C with aging
over 1 hour. The ready pigments were finely ground, adding
water to a humidity of 35 %. The dispersion of pigments was
characterized by the residue on control sieve No. 0056, which
should not exceed 0.4 %. The prepared pigments were dried
to the humidity not larger than 0.8 %. To obtain colored
glass coatings, the synthesized pigments were injected to the
ground transparent fritted glaze, intended for the application
onto ceramic tiles, in an amount of 8 % by weight. The glaze
coatings were fired at a temperature of 1,100 °C.

The color indicators of the developed pigments and the
glass coatings containing them were studied at the colori-
metric device KTs-3. For the brown pigments of series 1.2d,
we determined the color indicators (color tone (dominating
wavelength — A), color purity — P, lightness — L). For the
black pigments of series 8d, we determined only the light-
ness indicator, which in this case characterizes the degree
of blackness of the body. The crystal-phase composition of
the pigments was determined by X-ray phase analysis at the
diffractometer DRON-3.0 in the Cu-Ko radiation.

5. Results of studying ceramic pigments with
the additives of mineralizers

5. 1. Results of studying the color indicators of the
slag-containing pigments

The objects of our study are the ceramic pigments, syn-
thesized in the system open-hearth slag—CryO3-NiO (dark
brown 1.2d) [17], and open-hearth slag— Cr,O3—CoO (black
8d) [18]. A temperature range of 1,200—1,250 °C is the most
rational for firing such pigments; it enables the formation of

the assigned mineralogical composition in combination with
Table color indicators.

To obtain the slag-containing pigments at a lower tem-
perature, it is necessary to bring their crystalline lattice to
a more active state by the additional introduction to their
composition of the mineralizers. We studied various addi-
tives containing boron oxide, alkaline oxide Na,O, and fluo-
ride-ions. Their characteristic is given in Table 1.

The mineralizers were injected into the ground charge of
the examined pigments. Synthesis of the obtained composi-
tions was performed in a temperature range of 1,050—1,150 °C.

The dependences of color indicators of pigments on the
nature and amount of the introduced mineralizers at dif-
ferent firing temperatures are given in the form of graphic
charts in Fig. 1-3. For the black pigments of series 8d, we
determined only the indicator of.

The result of our study has established that sodium flu-
oride has an effective mineralizing effect on the components
of the examined pigment charges only at the firing tempera-
ture 1,150 °C. This fact was confirmed by a visual assessment
of the color of the pigments obtained, as well as the values
of their color indicators. The pigment’s color 1.2d under an
increase in the temperature of its synthesis from 1,100 to
1,150 °C changes from brown to dark brown. The value of
the dominant wavelength, in this case, is shifted from the
orange (595-612 nm) to the red (620—645 nm) region of the
spectrum. The lightness indicator L decreases in total from
13.0-14.9 % to 11.8-12.8 %. The color purity also decrea-
ses (from 7-15 to 5-7 %).

For the 8d pigment, the color changes from dark gray
to black. The L indicator is reduced from 10.3-11.6 %
t09.7-10.2 %.

Table 1
Mineralizers characteristic [19]
Temperature, °C Water solubility, /100 cm?
Cqmpound Compound title Color and crystalline shape P 14
chemical formula melting boiling at 20 °C at 100 °C
H3BO3 Orthoboric acid | colorless hexagonal or triclinic | 185 decomposes - 2.7° 39
B,O3 Boron oxide colorless cubic or hexagonal 450 >1,700 1.19 15.7
B,03 Boron oxide vitreous 577 - poorly soluble | soluble
Sodium tetra- L 0 50
Nay,B;07-10H,0 borate, hydrate colorless monoclinic 75 —-10H,0>200 2.12 22.0
NayB,07 Sodium tetraborate colorless crystalline 742 1575 decomposes 1.110 52.5
NayCO3 Sodium carbonate white, crystalline 854 decomposes 21.5 soluble
NaF Sodium fluoride colorless cubic 1,040 1,705 4.28 4.96%
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Fig. 1. Color tone dependence (nm) of the examined pigments of series 1.2d on the nature and content of the mineralizers
fired at temperature: a — 1,100 °C; b — 1,050 °C
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Fig. 3. Lightness dependence (%) of the examined pigments of series 8d on the nature and content of the mineralizers
fired at temperature: a — 1,100 °C; b — 1,050 °C

The pigments synthesized at a temperature of 1,150 °C with
the addition of NayCOs, NayB;07-10H,0, especially H3BOs,
were in the sintered form, which made it difficult to grind them.
They were not used to determine the color indicators.

Increasing the firing temperature of the pigments, which
contained sodium oxide as a mineralizing additive, to 1,100 °C
and increasing the concentration of NayO to 4 mass frac-
tions form the dark brown and black coloration of composi-
tions from series 1.2d and 8d, respectively. Consequently, the
chrome-nickel pigment 1.2d demonstrates a shift of A from
the orange (599-610 nm) to a longer wave area of the visible
region of the spectrum — red (625 nm) — Fig. 1, a. This is also
accompanied by a decrease in the values of L from 13.2-16.1 %
(Fig. 2,a) to 12.5 %; and P, from 8—16 % to 7 %, respectively.
The synthesized chrome-cobalt pigment 8d is characterized by
the enlarged degree of blackness (L falls to 10.0 %) — Fig. 3, a.

More substantial changes in the color indicators (color
tone — Fig. 1, and lightness — Fig. 2,3) of the examined
pigments occur at the introduction of boron-containing
compounds (H3BOs, NayB;07-10H,0). This allows us to
assert that such compounds are the most effective minera-
lizing additives in the examined systems. The most effective
mineralizing additives in the examined systems are the
boron-containing compounds. Their introduction makes it
possible to lower the firing temperature of the slag-con-
taining pigments B,O3 or NayB407) to 2 mass fractions at
a synthesis temperature of 1,100 °C. Such pigments, in
terms of their qualitative parameters, are not inferior to the
pigments fired at 1,200—1,250 °C. The values of color tone
for the pigments from series 1.2d in this case are within
625-630 nm (Fig. 1) and correspond to the red region of the
spectrum, lightness — 12.2-12.7 % (Fig. 2), and the color
purity is 7 %. The ceramic pigment from series 8d in turn,

after firing in the interval 1,050—1,100 °C, is characterized by
a high degree of blackness (L=9.5-9.7 %) — Fig. 3.

The pigments with boron-containing mineralizing ad-
ditives were injected into the composition of transparent
fritted glaze in the amount of 8 mass fractions followed by
the firing of coatings at a maximum temperature of 1,100 °C.

The dependence of color indicators of the obtained glass
coatings on the amount of boron-containing additives, intro-
duced to the pigments, is shown in Fig. 4 and Fig. 5.

It was established experimentally that the dynamics of
change in the coloration of the ceramic pigments, obtained
with the introduction of boron-containing compounds as min-
eralizers, and the pigment-containing glaze coatings are simi-
lar. Namely, the introduction of such pigments to the ground
base fritted glaze causes a significant increase in the intensity
of the brown and black coloration of a glass layer. Moreover,
the most significant intensification of coloring takes place
in the case of applying the examined pigments, synthesized
using ByOs, which is introduced by boric acid. And the most
significant intensification of coloring takes place when apply-
ing the examined pigments, synthesized by using boric acid.

In this case, the glass layer containing the 2d pigment is
characterized by the increased brown color. This is confirmed
by shifting the A values from the orange (602—605 nm) to a lon-
ger wave region of the spectrum — red (630—-637 nm), Fig. 4, b.
The black color of glazed coatings, following the intro-
duction of the 8d pigment, synthesized by adding the bo-
ron-containing compounds, is also greatly enhanced. This is
accompanied by a fall in the lightness indicator values from
5.2-5.6 % (for the glass layer containing the examined pig-
ment without a mineralizer) to 3.8—-3.9 and 3.9-4.1 % (when
introducing the pigment obtained by using B,O3 and NayB,0
as a mineralizing additive) — Fig. 5.
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3. 2. Results of studying the mineralogical composition
of slag-containing pigments

To analyze the mineralizing effect of B,Os, Nay;B;07,
Na,O, and NaF, we compared the absolute intensity of the
main diffraction maxima that are characteristic of the spinel
and the main silicate phase (diopside) — Fig. 6.

Firing temperature 1,050 °C
Mineralizer content,
4.0 mass fraction Py

|1
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1,400
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NaF  Na,0O NaB,0, B,O,
Fig. 6. Chart of change in the intensity of the main diffraction
maximum of the 1.2d pigment: = — spinel solid
solution between ferrites and chromites of nickel and

magnesium (d=2.50 A); =™ — diopside (d=2.98 A)

The results of our X-ray phase analysis of ceramic
pigments agree well with the research into their color
indicators.

The dynamics of change in the intensity of a diffraction
maximum d=2.50 A indicate that in the reactions to form the
spinel solid solution the most effective mineralizing action
is exerted by the additives of boron-containing compounds,
which are the most fusible (Table 1).

Consequently, at a low temperature of 1,050 °C, there is
a complete binding of the starting components of pigment
charge in the spinel phase, which act as color carriers. In the
dark brown 1.2d pigment, this is a solid solution between the
ferrite and chromite of nickel and magnesium with their cha-
racteristic lines (d=4.82; 2.93; 2.50; 2.08; 1.60; 1.47 A) — Fig. 7.
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Fig. 7. Diffractograms of ceramic pigments from
series 1.2d, fired at a temperature of 1,050 °C:
a — no mineralizing additive; b — with the addition
of 4.0 mass fractions B,03



In the chrome-cobalt 8d pigment, the black coloring
is due to the formation of spinel (MgFe;Oy, CoFeyOy, and
CoCr,04), which, due to the similarity of their structure, also
produce a solid solution of substitution (Fig. 8).

2000 T @ solid solution between the ferrite
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Fig. 8. Diffractograms of ceramic pigments from
8d series, fired at a temperature of 1,050 °C:
a — no mineralizing additive, b — with the addition
of 4.0 mass fractions of B,03

In the presence of ByO3 at a temperature of 1,050 °C,
along with the compounds-chromophores, there is a complete
formation of silicates in the form of diopside (d=3.20; 2.98;
2.13; 2.03 A) and wollastonite (d=2.98; 2.20; 1.73 A), Fig. 7, 8.

A weaker action, compared to the boron-containing com-
pounds, is exerted by NaF and Na,O. At the same time, in
the reactions to form the silicate phase (diopside), the NaF
additive, along with B,Os, is the most active (Fig. 6).

6. Discussion of results of studying the influence of
mineralizers on the processes of synthesis and the color
indicators of slag-containing pigments

In the course of our study, it was established that the col-
or indicators of the examined ceramic pigments, their quali-
tative and quantitative crystal-phase composition, are deter-
mined by the nature and content of mineralizing additives.
Moreover, there is a direct dependence between the melting
point of mineralizers and their influence on the processes that
cause the formation of the predetermined spinel phases in the
composition of the examined compositions.

Thus, the tangible effect from the introduction of sodium
fluoride, which has the highest melting point (1,040 °C,
Table 1), is achieved only as a result of firing the pigment

charges at a temperature not lower than 1,150 °C. This de-
fines its inappropriate use as a supplement that intensifies
the progress of solid-phase reactions in the specified system,
where the main phase is spinel.

Using sodium oxide as a mineralizer, introduced with
the help of its carbonic acid salt, is feasible in the amount of
4 mass fractions at the firing temperature of pigments not
less than 1,100 °C.

The most effective action on the processes of mineral for-
mation in the examined pigments is exerted by the additives
of boron-containing compounds, due to their high fusibili-
ty (Table 1). The result is the intensified synthesis reactions
involving the liquid phase. Moreover, the action of boron
oxide, introduced by orthoboric acid, is, in this case, is more
pronounced compared to sodium tetraborate.

The mechanism of the influence of compounds containing
boron oxide is, first, the formation of the liquid phase (melt)
at relatively low temperatures. In addition, B,O3 acts on the
crystalline lattice of the components of pigment charges,
bringing it to an active state without destruction. The reason
for this phenomenon lies in the fact that the B** boron ion
has a large charge and a small ionic radius (0.02 nm). In this
regard, the ion boron has a stronger ability to polarize (defor-
mation) compared to the single-charge ions of alkaline metals,
and it significantly influences the reduction in the stability
of the crystalline lattice [1]. In addition, it is known that
boron oxide positively affects the chromophore properties of
the pigments themselves. The role of the main chromophores
in the examined dark-brown pigment belongs to the ions of
transition metals Ni2*, Cr3" and Fe3". Their electronic shell is
not fully completed and has a high polarization ability. Their
coloration varies depending on the polarization ability of ion,
specifically oxygen, which is included in the complexes of ions
of transition metals. In the presence of B3" ions, there is an in-
crease in the ability to polarize the oxygen anion in such com-
plexes, so that the absorption of light in the visible spectrum
is increased resulting in the coloration of ceramic pigments.

In general, it follows from the analysis of the acquired ex-
perimental data that the introduced mineralizers, in terms of
their effect on enhancing the coloration and intensification of
spinel-forming reactions of the examined ceramic pigments,
can be arranged in the following sequence:

NaF<Nay,O<NayB,07<B,0s.

The effect of the considered mineralizers on the formation
of silicate phases differs from the above series. The effectiveness
of NaF and B,Oj3 additives in this case is almost equivalent.

The presence of fluoride ions, according to literary
data [13, 14], increases the reactivity of the crystalline lattice
of the material due to the weakening of the of the silicon-ox-
ygen frame, which causes the progress of diffusion processes
in the region of low temperatures.

Thus, we have established patterns of change in the crys-
tal-phase composition and color indicators of silicate-spinel
ceramic pigments, depending on the nature of the minerali-
zers, which allowed us to recommend the most effective ones.
This makes it possible to significantly decrease the firing
temperature of such pigments (up to 1,050 °C). At the same
time, the application of the established patterns is limited to
spinel and silicate pigments. Therefore, it is advisable in the
future to consider the comparative effect of different mine-
ralizers on the processes of synthesis of ceramic pigments
with the structure of other types.



7. Conclusions

1. Our study has determined the peculiarities of change
in the color indicators of silicate-spinel ceramic pigments,
which were obtained on the basis of open-hearth slag,
depending on the content and nature of additives-mine-
ralizers. It was established that the tangible effect of the
introduction of sodium fluoride, which has the highest
melting point among the examined additives, is achieved
as a result of firing the pigments at a temperature not
lower than 1,150 °C. The effect of sodium oxide is effective
starting at a temperature of 1,100 °C. The most expe-
dient is to use additives of boron-containing compounds.
Their introduction makes it possible to lower the firing
temperature of slag-containing pigments to 1,050 °C or
reduce the concentration of the mineralizer (B,O3) to
2 mass fractions at the synthesis temperature 1,100 °C.
The synthesized pigments ensure the formation of glaze
coatings, which, in terms of their qualitative indicators,
are not inferior to the coating obtained with the addition

of high-temperature pigments (the firing temperature is
1,200—1,250 °C).

2. A direct dependence between the melting point of the
mineralizers and their influence on the processes that deter-
mine the formation of the predetermined spinel phases in the
composition of examined compositions has been established.
The introduction of ByO3 as a mineralizer provides for the
complete binding of the starting components in the spinel
solid solutions as early as at a temperature of 1,050 °C. In
the brown pigments from series 1.2d, this is a solid solution
between the ferrite and chromite of nickel and magnesium.
In the black pigments from series 8d, this is a solid solution
between the ferrites of magnesium and cobalt, as well as co-
balt chromite. This allows us to argue about the effectiveness
of using the boron-containing mineralizers to accelerate the
spinel-forming reactions in the synthesis of ceramic pigments.

The formation of silicate phases (diopside and wol-
lastonite), which are not color carriers in the examined
pigments, is significantly affected by the mineralizing action
exerted by the additives of NaF and B,Os.
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